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The excitation functions for different fragments produced in ¥ffet 2’Al reaction have been measured in
the incident energy range 113.5-130.0 MeV in steps of 250 keV. The detection of the outgoing fragments in
a large solid angle allowed a study of the excitation functions for diffdretal kinetic energy los§TKEL),
¥.m] windows. Large fluctuations have been observed in all the excitation functions analyzed in this work.
The Z and angular cross correlation analysis does not support a compound nucleus origin of these fluctuations.
The coherence widths extracted from the energy autocorrelation fun@iaR) and by the peak counting
method do not show, within error§,. ,, , Z, or TKEL dependence. The lifetime of the dinuclear systBmNS)
19F+27Al is found to be equal with the DNS'’s rotation period. This could explain the secondary structures
evidenced in the EAF. A reaction mechanism involving the excitation of the DNS in intermediate states of
molecular nature is supported by this experimental eviddi8®556-28138)00105-§

PACS numbegps): 25.70.Lm, 24.60.Ky

I. INTRODUCTION [1,3,16. The experimental device allowed us to study the
lifetime dependence of thig-nonconjugate DNS as a func-
Experimental studies of the correlations between differention of the charge numbet, emission angled. ,,, and total
observables in'%F+27Al, °F+1%C, 2’Al+27Al, and ?’Al  kinetic energy los§TKEL), in contrast with previous works
+12C collisions at 111.4, 125.0, 136.9, and 140.1 MeV evi-where similar studies have been done integrating on the
denced that even for such light combinations, in this energyKEL.
range, a full dynamics specific for deep inelastic processes

from qugsielast.ic dqwn to complete damping is prei_éan{ Il. EXPERIMENTAL METHOD
5]. The interaction time extracted from the angular distribu-
tions of Z=9 fragments for a'®F+2’Al collision at Ej, The experiment was performed at the SMP Tandem ac-

=111.4(136.9) MeV increases from,=1.3(0.7)x10 ?2s  celerator from LNS-Catania. Self-supportiR@Al targets of

to 7, =9.4(7.7)<10 22 s as the final total kinetic energy 39 mglcn? were used. Thus, the energy loss in the target
(TKE) decreases from the quasielastic towards the complete~75 keV) was much lower than the energy increment of

damping regior1,3]. This shows that these processes cove250 keV (147 keV in the center of the mass sysjamed for

a wide time scale from fast to slow ones relatively to thethe excitation function. The beam current was measured with

passing time value 0£5x10 #s. a tantalum-plated Faraday cup provided with an electron-
The experimental evidence of the fluctuations in the excisuppressing guard ring. _ 3
tation function for dissipative heavy ion collisio(®HIC’s) The outgoing fragments were detected and identified us-

[6] allowed the study of the time evolution of the dinuclearing the experimental device DRACULP.7,18 from which
system(DNS) formed in the early stage of the collision with only the large area position sensitive ionization chambers
a new method, based on statistical analygis This method (IC’s) and the associated parallel plate avalanche counters in
was used to study the time evolution of the DNS with dif- front of them were operated. The IC’s were filled with an
ferent mass asymmetries where the mass of the combine(90%)+CH4(10%) mixture at 243 torr. The polar and azi-
system was lower than 1086,8—13. Strong fluctuations muthal angles spanned by the IC's ak&}=24° andA¢
have been evidenced in the excitation functions of the dissi=4°, respectively. The energy resolution at the elastic peak
pative processes for all these combinations though the extemvas 2.5%, the angular resolution 0.5°, and the charge reso-
sion of Ericson fluctuation theory to DHIC's predicts strong lution better than 0.3 charge units.
damping with the increasing magb4]. Their persistence is Continuous measurements in the angular range from 3° to
explained in the framework of the partially overlapping mo-54° in the laboratory systeiiL.S) have been previously done
lecular level mode(POMLM) [15]. for the '°F+27Al collision at 111.4, 125, and 136.8 MeV
The study of the excitation functions fdfF+2’Al colli-  using this experimental setdf,2]. Based on the represen-
sion in the energy intervdt,,=113.5- 130.0 MeV reported tations of the double differential cross section
in the present paper has been performed in order to completfa/dTKE dd. ., as a function ofd. , and TKE obtained
the information on the dinuclear system configuration and itsn these measurements, an optimum position of the experi-
time evolution obtained from our previous measurementsnental setup for measuring the excitation function for deep
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inelastic processes in°F+27Al collisions has been estab- 3 4000+
lished. In this experiment the IC’s were centered at 27° in -
the LS to avoid the ridge developed in the Wilczynski plot at S T A Ll
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Figure 1 shows an example ofidentification matrix
using one of the possible configurations of the specific en- FIG. 2. Total kinetic energy spectra fér= 6— 12 reaction prod-
ergy loss AE) and residual energyH.J). The obtained ucts in the F+27Al collision at the bombarding energg,,,
TKE spectra foiZ=6— 12 fragments are shown in Fig. 2 for =125 MeV. The arrows at low TKE values indicate the energy
one of the bombarding energids,,= 125 MeV. The arrows corresponding to fully relaxed processes following the formula of
at low TKE indicate the total kinetic energy corresponding toRef. [19].
complete energy dissipatigri9]. Small elastic and quasi-
elastic components are present in the energy spectruth of Table 1. The corresponding windows of the TKEL afid,,
=9 fragments. Only the dissipated component is present i§an be followed in Fig. 3. The TKEL ranges were chosen to
the energy spectra of the other reaction products. Because 8¥0id the ridge of the Wilczynski plot corresponding to the
the energy thresholds of the IC’s, the energy range correcomplete energy dissipation which is rather well developed
sponding to complete dissipation is covered only Zsx9  for the fragments wittt<Z,,; as can be seen in Fig. 3.
fragments. The energy spectra are corrected for nucleon The angular distributions faf=6 and 8 fragments core-
evaporation using an iterative procedure as described in Regponding to the three TKEL windows, at the bombarding
[20]. The available excitation energy was shared proportionenergy Ej,,2=113.5 MeV, are presented in Figs(aj and
ally with the masses of the two reaction products and a pad(b), respectively. Even for this limited angular range one
rametrization of the neutron and proton separation energie@an see the specific trend of DHIC angular distributions, a
as a function of thé\/Z ratio in the mass region up to 50 has decreasing slope as a function of the TKEL. The isotropy is
been usedll]. The shape of the corrected TKE spectra is notreached only for th&=6 reaction fragment for the W5 win-
changed by this correction. However, the most probable totslow which corresponds to the largest energy loss considered

kinetic energie¢ TKE) shift towards larger energies by 3 — 6 in this paper. o _
MeV. The points of an excitation function represent the number

of events integrated on@KEL, 9. ,) domain for a giverZ
value normalized to the corresponding collected charge. The
excitation functions corresponding ¥ values and TKEL,

A sample of double differential cross sections J.,,) windows from Table | can be followed in Figs. 5-7.
d?0/dTKE dd,,, for differentZ values is given in Fig. 3. They display fluctuations with amplitudes larger than the sta-
In this work are presented the results relative to the excitatistical errors. A first inspection of these excitation functions
tion functions for the ranges i, 9. ,,, and TKEL listed in  shows that(i) the fluctuations persist when changing the

lll. EXPERIMENTAL RESULTS
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FIG. 7. Excitation functions forZ=6—11 fragments for
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than 60% except those for the W1 and W3 windows which
are in the vicinity of the geometrical cutsee the Wilczynski
plots in Fig. 3.

For the angular correlation study a set of excitation func-
tions in the bombarding energy rangg,=116.75-122.25
MeV was obtained for the three TKEL ranges given in Table

averaged cross section used for removing the gross energy The available angular range f@=6-8, 10 fragments
trend of the measured excitation functions. Ericson theoryvas divided in bins of 2°. The values of the angular cross
predictsZ cross correlation coefficients equal to zero with correlation coefficients are large on the whole angular range.

some variation due to the finite range of d@fRD) and a
small angular coherence widttof the order of ~1/,

Detailed results of this analysis will be published elsewhere.
Based on this cross correlation analysis one can conclude

wherel, is the grazing angular momentum and has an averthat the fluctuations observed in the present excitation func-

age value equal to 48for *°F+ 2’Al collisions in this energy
range [22].
The values o cross correlation coefficienté}zlzz, with

FRD errors, for windows W1-W5 are reported in Tables

tions are not of compound nucleus origin.

B. Energy autocorrelation function

The energy autocorrelation functidBAF) has been cal-

[I-VI. The gross energy dependence of the excitation funceulated with[22]

tions was corrected calculatinaE) as a moving Gaussian
average with a width at half maximum df,,=2.6 MeV.
The dependence of tk@zlz2 values on the averaging inter-

val A, was studied. A decreasing of tItiI:klz2 values from
5% to 17% was observed when tle(E) was calculated
usingA. ,=4.4 MeV. For instance, the values 050.10,

0.75+0.06, 0.61-0.06, 0.48-0.07, and 0.520.08 for the
Cﬁz2 (Z,=7, 8, 10 — 12 coefficients were obtained for the

W3 window instead of those from the first row of Table IV.
Nevertheless, most of th@lez coefficients remain larger

TABLE Il. Z cross correlation coefficients for the W1 window.

Z 6 7 8 10 11 12

6 1 0.52-0.06 0.16:0.05 0.15-0.10 0.35:0.07 0.35:-0.07
7 1 0.28£0.05 0.17#0.05 0.5%0.06 0.75-0.07
8 1 0.42£0.05 0.26:0.06 0.75-0.07
10 1 0.25-0.06 0.14-0.07

11 1 0.3%-0.08
12 1




57 EXCITATION FUNCTION STUDIES FOR DEE . ..

TABLE lll. Z cross correlation coefficients for the W2 window.

2363

TABLE V. Z cross correlation coefficients for the W4 window.

6 7 8 10 11 12

6 7 8 10 11 12

1 0.870.05 0.76:0.05 0.7 0.06 0.72-0.07

Z
6 1 0.64-0.06 0.55-0.05 0.5*0.06 0.6720.07 0.43-0.07
7
8 1 0.84-0.05 0.69-0.06 0.46:-0.07

1 0.93£0.05 0.8G:0.05 0.84£0.06 0.4x0.07

z
6 1 0.87#0.06 0.8720.05 0.79-0.06 0.86-0.07 0.410.07
7
8 1 0.83£0.05 0.8%0.06 0.38-0.07

10 1 0.60:0.06 0.28-0.07 10 1 0.76:0.06 0.44-0.07
11 1 0.45:0.08 11 1 0.410.08
12 1 12 1
<(0(E) (0(E+8) )> the value ofC(0) begins to increase again. The optimum
Cle)={|=——-1]| = -1]), (2) A¢m is considered to be the value just before this second
a(E) o(E+e) increasd 23].

Figure 8 show<C(0) versus the averaging interval for the

wheree is the energy increment in the center of mass systengycitation functions corresponding to the W3 window. For

(c.m.s).

Z=11 and 12 a second rise @f(0) is well evidenced. For

Ericson predicted for the EAF of the excitation functionsz—g and 7 such a tendency is less pronounced whileZfor
for the compound nucleus reactions in the region of overlap—g and 10 the plateau remains even qr,, as large as the

ping resonances a Lorentzian form

1-yg I?
C(S):Tm, ©)

whole measured intervgd.7 MeV). The curve correspond-
ing to a Lorentzian fit for thez=10 fragment EAF calcu-
lated with A, ,,=9.7 MeV describes quite well the experi-
mental trend as can be seen in Figa)9 The fit of theZ
=8 fragment EAF calculated with the same valueAqf,,

whereT is the energy correlation width of the fluctuations, 9ives al’ value of ~400 keV. However, the first points of

yq the relative contribution of the direct processes to th

dhe EAF (<1 MeV) are not very well described by the

cross section, an the number of independent microchan- Lorentzian distribution of this width. For the few cases of

nels contributing to the studied excitation function[14] a

this kind the optimum averaging interval was decided taking

similar expression for the EAF for dissipative processes ha1to account both aspects: the value at which a possible sec-
been obtained taking into account the correlation betweefNd rise inC(0) appears correlated with the value for which
partial waves with different angular momenta. Because oft Lorentzian fit shows a good agreement with the experimen-

the consideration of the angular momentum coherence, bo

{ial EAF. The arrows in Fig. 8 indicate the optimudy, ,

1 I'(9)2
C(e,ﬂ)—ﬁm- (4)

Hence, calculating the experimental EAF using E.it is

analysis only coherence widths for the narrowest fluctuations
of the excitation functions were obtained. In fact, for any of
the studied excitation functions a second plateau in the rep-
resentation of the&C(0) as a function ofA ,, was not evi-
denced. Consequently, it was not possible to evaluate for the
observed fluctuations more than one coherence width by this

possible to determine the energy correlation width of theprocedure.

fluctuations in the DHIC excitation function using expression

(4).

The EAF's for the W3 and W4 windows are presented in
Figs. 9a) and 9b), respectively. The energy averaged cross

The energy-averaged cross sectarE) has been calcu-  sectiono(E) was calculated witiA %, . Similar EAF’s were
lated using also a moving Gaussian averaging procedure. Asbtained for the W1, W2, and W5 windows. The energy

opt

optimum averaging interval ., was determined investigat- correlation widthsI" were determined by fitting with a

ing the dependence & (0) on the averaging interva. ,,
[23]. This is a curve with a plateau reached whep, ~T’

Lorentzian form the structure from=0 of the EAF’s. The
dashed lines in Fig. 9 are the result of this fit. The errors in

and which extends untih. ,, becomes equal with an even- the I" values were estimated to be35%, the statistical,
tually existing larger energy correlation width. In this region FRD, and gross trend correction contributions being almost

TABLE IV. Z cross correlation coefficients for the W3 window.

6 7 8 10 11 12

1 0.770.05 0.64-0.05 0.64-0.06 0.35-0.07

z
6 1 0.63-0.06 0.8G:0.05 0.64-0.06 0.58-0.07 0.54-0.07
7
8 1 0.75:£0.05 0.66-0.06 0.310.07

10 1 0.65-0.06 0.28-0.07
11 1 0.23:0.08
12 1

equal. In the evaluation of the last contribution it was con-

TABLE VI. Z cross correlation coefficients for the W5 window.

z 6 7 8 10 11

6 1 0.95:0.05 0.950.05 0.93:0.05 0.85-0.05
7 1 0.93:0.05 0.92-0.05 0.83:0.06
8 1 0.94-0.05 0.86-0.05
10 1 0.88-0.06

11 1
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L T . 0 L analysis[25] corresponding to the present number of inde-
e S —— pendent experimental points= 45.

FIG. 9. () The EAF for the excitation functions fd=6-8,
10— 12 fragments withTKEL, 9. ,,) € W3. (b) The EAF for the
excitation functions foiZ=6—8, 10— 12 fragments with(TKEL,

4
£(MeV)

Within the errors, Figs. 1@) and 1@b) do not show any
clear 9., or Z dependence of the correlation energy as evi-
denced in Refs[10,12. There is no clear evidence of a
dependence on the TKEL of the Thel values obtained by

9em) € W4. The dashed curves represent the best fit with a Lorentihe PCM are systematically larger than those obtained from

function of the EAF points witle<1. The reported errors of tHe

values include the statistical and FRD errors.

the energy autocorrelation function as was already shown
[25]. The values of the coherence width obtained by these



57 EXCITATION FUNCTION STUDIES FOR DEE . .. 2365

TABLE VII. Coherence energies in keV obtained by the peak counting method.

Z 6 7 8 9 10 11 12
wi 260+ 26 24725 23223 254+ 25 24725 23724 232+23
w2 266+ 27 232:23 232:23 254+ 25 232:23 242+ 24 266+ 27
W3 253+25 26627 26627 26627 242+ 24 23724 23724
w4 24725 232+23 260+ 26 254+ 25 232+23 242+24 254+ 25
W5 232+ 23 260+ 26 23724 266+ 27 260+ 26 260+ 26

methods can be considered grouped around the average vatomentum. For |, a value of 35.5 was estimated using a
uesI'gar=(170=65) keV andl'pcy=(248+30) keV. The  formula given in Ref[31]. When the dissipation of the an-
corresponding lifetimes of the dinuclear system af@r  gular momentum is taken into account the angular momen-
=(3.9:1.1)x 10 % s and7pcy=(2.6=0.2)x 10 ' s. tum in the final channel was considered to be the one which

Besides the Lorentzian structuresat0, the EAF’s given  corresponds to the sticking configurationlg=1(1
in Figs. 9@ and 9b) present oscillations with periodicity of — 7./ 7., whereJ,, is the fragment intrinsic momenta of
~1 MeV. The presence of these oscillations in the EAF ofinertia and 7= Jint+ Jrel -
the excitation functions for dissipative processes has been Table VIII reports thes, values for the!®F+ 27Al system
predicted taking into account the interference between differgptained for the above assumptions relative to the angular
ent revolutions which can occur when the DNS lifetime ismomentum and calculating,,, for two situations{i) nonde-
larger than the DNS rotation periob=2=/w. The energy formed fragments in the final channdhes 1, 4,
period of these oscillations is.=#%w [27,28. The angular
velocity of the DNS is given by =1/7,, wherel and 7
are theyangular momentum and moment of inertia in the exit Trei= 1'044”%(Ailg+ A%B)Z' ro=13, ®)
channel, respectively. . . ' .

The dependence of the on the moment of inertia allows and (i) (_deformed fragments in the fm_al channel with sepa-
us to have an estimate for the separation distance of the fin5gtion distancesi=10.7 and 11.3 fmlines 2, 5 and 3, 6,
fragments at the scission, by comparing shevalue with the ~ respectively,
experimental periodicity. It has been usually obtained from
the most probable energies in the final chann€BKE) Tre=1.044ud?. (6)
[29,30.

The (TKE) for the Z<Z,,; andZ=9 fragments with an  As one can see, the experimental periodicity agrees with cal-
error of £0.5 and+ 1.5 MeV, respectively, could be evalu- culatede. values only when the deformation in the final
ated from the TKE spectra. Faf>Z,,; an estimation of channel is considered. For this situation the average number
(TKE) was not possible due to the larger energy thresholdsf rotations is~1. When the deformation of the fragments is
of the IC’s mentioned before. ThéTKE) values forZ  not considered the DNS lifetime exceeds a rotation period
<Z,j fragments present a variation f3 MeV on bom-  but the periodicity of the secondary structure is not repro-
barding energy range. As an example, for B8 reaction  duced anymore.
product the(TKE) is ~35 MeV at 113.5 MeV and=37.5 From Eq.(4) one can conclude that for the deep inelastic
MeV at 130 MeV. The separation distanaks 10.7 and 11.3  processe€£(0) (the value of the EAF foe = 0) should give
fm for %0+ 30Si fragmentation were obtained fro(TKE)  information about the effective number of independent chan-
for E;p=113.5 and 130.0 MeV, respectively. It was sup-nels, N, contributing to the measured cross section. How-
posed that TKE) equals the final channel barrier given by ever, during the analysis of the present experimental infor-
Coulomb and centrifugal energi€29]. mation a significant sensitivity o€(0) to the size of the

The calculated periodicitye. can be obtained without angular range was not obsenjf@dmpare the values &(0)
considering angular momentum dissipation and in this tasefor W1(W2) window with those for WBN4) from Table
was taken at the middle of the entrance channel angular maX]. One has to note that th&(0) values from Table IX are
mentum window,| = (I +14)/2 (I is the critical angular the least sensitive quantities to the averaging interval from

TABLE VIII. Calculated period of the secondary structures of the EAF.

| Trel ) T Teael T e

% (10%2 MeV &) (107 s (1072 ) (rotationg (MeV)

1=42 6.3 4.2 1.5 25 2.78
125 2.1 3.0 1.3 1.4
13.9 1.9 3.3 1.2 1.3

=30 6.3 3.0 2.1 1.8 1.95

1s=35.5 12.5 1.8 35 1.1 1.2

1=36.2 13.9 1.7 3.8 1.0 1.1
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TABLE IX. C(0) values for the excitation functions corre- TABLE X. Lifetimes in 10?2 s units extracted from the angular
sponding to the W1-W5 windows and for the excitation functionsdistribution of theZz=9 fragments for*®F(111.4MeV}+ 2’Al colli-
summed on the W2, W4, and W5 windows. sions[1].

Z 6 7 8 10 11 TKEL
(MeV) 39.4-33.4 33.4-27.4 27.4-21.4 21.4-15.4 15.4-9.4
w1 0.177 0.043 0.030 0.047 0.055
W2 0.059 0.031 0.025 0.031 0.041 Tin 4.3 3.1 0.8 0.7 0.6
W3 0.035 0.032 0.029 0.033 0052 7y 9.4 6.8 1.8 1.5 1.3
W4 0.025 0.028 0.021 0.018 0.029
W5 0.022 0.032 0.024 0.030 0.036

determined for a 110 keY220 ke\) energy increment using
the spectral density meth@8DM). Thel values obtained in
the present work are in good agreement with these data con-
the present analysis. In order to get a deeper insight into thseidering that the SDM gives larger vaIugsIbthan the EAF.

: A summary of thd” values as a function & for DHIC’s

effect of enlarging the integration interval og(0), the . - '
summed excitation functions on W2, W3, and W5 were ob-Is presented n Fig. 11. The bom'bardmg energy range and
¥4, corresponding to the lowest incident energy are men-

tained forZ=6-11 fragments. The amplitude of the fluc- ;
tuations are not smeared out in the summed excitation functl.Oned for every system. In Fig. {4 are represented, for

i~ H 9 27
tions. The EAF's for these excitation functions weres'mphcny’ theT" values obtained for thé’F+'Al system

. using the EAF for W2 and W5 windows. One can see that
calculated and th€(0) values are reported in the last row of the measurement of the excitation function for the

Table 1X. Comparing these values to those corresponding thFJr 27p1 system is done on the largest energy interval. This

the W2, W4, and W5 rows one could see that they do nOE’;lllowed us to obtain cross correlation coefficients Bnehl-
decrease very much when the integration interval increases ; X
ves with small FRD errors. The data obtained from the

by a factor of 3. A similar behavior can be observed for thelzc +24\g collision excitation function measured on an in-

C(0) values calculated for the excitation functions of theCident energy interval larger than those for the systems pre
19, 8 ) -
F+9%%Y system([9]. As an example, th€(0) values ob sented in Figs. 1(b)—11(f) are not included in this figure

tained for the excitation functions measureddy,=160° . _
- ecause the observed fluctuations wash out when one inte-
for Z=8, 10, and 11 fragments are 0.0045, 0.0056, an(grates on the TKEI[8,32.

0.0070, respectively, and thg(0) for the summed excita- 19, 27
tion function for all these fragments is 0.0041. These aspectggOne could see thal’ values for the "F+*'Al system

. : . . : ree better with the values for other systems when they are
agree with the observation that the interpretatiorC¢0) IS Optained using the same method. The SDM always gives

r\grgerl“ values relative to the ones obtained by the EAF
rocedure [see Figs. 1(b), 11(c)]. The data for the
19F+8% system from Ref[9] have been analyzed by the
SDM in Ref.[10].
V. DISCUSSION As was mentioned before, tHé values reported in the
- . ) present work do not show., or Z dependence. Th&

The DNS lifetime determined in the present work by theyajues reported for the other systems, except that obtained by
EAF method, 7ear=(3.91.1)X10 ?! s, is larger than the  the EAF method for®F+9Y, show a clear dependence zin
lifetime extracted from angular distributions f@=9 frag-  andjor the observation angle. One possible explanation of the
ments in the previous studies of deep inelastic processes fffferent pattern of thd” values as a function oZ for the

“F(111.4 MeVH“'Al and “F(136.9 MeV)+“'Al colli- 194 27a] system could be the fact that the present measure-
sions[1,3]. For comparison the DNS lifetimes as a function ment was done at angles larger than the grazing angle, while
of TKEL obtained in[1,3] for the case of no intrinsic rota- i, the cases where a pronounc&ddependence was evi-
tion of fragments after separatiom(;) and for the case of a genced the observation angle was smaller than the grazing
sticking limit (75,) are presented in Tables X and XI. The angle €8Si+54Ni and 28Si+ “®Ti systems. Another explana-
TKEL ranges of the W1 and W3 windows correspond ap-tion could be that for the systems from Figs(W)t11(f) the
proximately to the second and fourth windows from Table Xexcitation functions have been obtained integrating over the
and to the fourth and sixth windows from Table XI. Similar whole range of the TKEL. In the present study the contribu-
differences have been reported in Rie] for the "F+%  tion from the quasielastic component is almost excluded. The
system. contribution of the quasielastic events not excluded for sys-

The composite systerﬁgTi studied in this paper was not tems from Figs. 1(b), 11(d)—11(f) could produce & depen-
included in the classification concerning the prediction fordence of this pattern, namely, largErvalues for reaction
the molecular resonance observation in elastic and inelastisroducts having atomic numbers ney,;. The authors of
scattering in the framework of the orbiting cluster modelthese papers introduced contributions from a fast and slow
[33,34. The nearest system for which such predictions andnechanism in different ratios, determined on the basis of the
measurements have been done is #hike isotope 3;Ti.  angular distribution analysis, to explain the observed pattern
Recently, the excitation functions of this composite systenof I" as a function oZ. For the **F+ 8% system the excita-
for the fusion reaction of?C+ 32S have been analyz¢85],  tion functions ford,,=60°, 120°, and 160° have been mea-
the coherence energy of 2381 keV (25135 keV) being  sured. Thd” values obtained by the EAF methf@l] do not

W2+W4+W5S 0.022 0.029 0.022 0.023 0.026

factors which have to be considered for independent stat
contributing in a givenTKEL, ¥, ,,) domain[32].
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TABLE XI. Lifetimes in 10 2% s units extracted from the angular distribution of #e 9 fragments for
19F(136.9 MeVj+27Al collisions [3].

TKEL (MeV) 54.4-48.4 48.4-42.4 42.4-36.4 36.4-30.4 30.4-24.4 24.4-18.4

Tint 35 22 1.7 1.2 0.9 0.7
= 7.7 4.8 3.8 2.6 2.0 15

present an angular dependence andahiependence is very light heavy ions has been realized in the framework of the
weak as can be seen from Fig.(&/1 Only for the data ana- POMLM [15]. The POMLM was based on the observation
lyzed by the SDM has th& dependence been evidenced. that for dissipative heavy ion collisions in the energy range
The analysis of the excitation functions for different 5-10 MeV/nucleon the entry region of the excitation of the
TKEL values was started with the idea to evidence a TKELDNS in the €. ,,,l) plane is near the yrast line. The Ericson
dependence of th& values. However, such a dependenceformalism condition[>D (totally overlapped statgss re-
was not found in the considered TKEL range. Before conqgyeq toI'=(1—30)D which does not destroy completely
cluding that the EAF method is not sensitive to the TKEL, tne correlation between the final channels.
studies on larger TKEL ranges are required. This is sup- |, grder to explain the large correlation between different
ported by the observation that tiié values for the lowest 5| srates observed in DHIC's, the hypothesis has been ad-
TKEL window W2 are larger than those for the I":m~:’es'(vzinced that only a few special final states are selectively

TKEL value W5 for allZ fragments as can be seen in Fig. . o
. . . populated and these can decay by equilibrium or preequilib-
10(a) where with a soliddashed line are connected thE rium light particle or gamma ray emissid87]. Measure-

values for the WAW5) window. ? o ! A
Recently, a unified description of the fluctuation phenom—ments of gamma rays in coincidence with projectilelike frag-

enon in the elastic, inelastic, and dissipative collisions Oiments (PLF’S)_ sh0\_/ved a statisticgl deexcitatioq of the
P fragments emitted in the DHIC'$8Si, and %S+ %Ni at 5

MeV/nucleon [37]. Nonstatistical gamma rays have been

- PF(113.5-130MeV) + YAl 9 = 15°-39° found to be emitted in coincidence with PLF’s from quasi-
soo [ Jr=106 EAT elastic 2Si+*Ni collisions at 143 MeV[38]. This experi-
- v W2 mental evidence gives support to the POMLM hypothesis
o T %*% ‘ 'f*%? o W? 3 ‘(‘Q‘)‘ that the reduced amplitudes are random variables with a
C ®Si(120—126.75MeV) + *Ni, ® = 25° Gaussian distribution.
PP, =43 + ) m EAF The entry region of the DNS°F+27Al in the present
500 = . . ¢ © SDM experiment is a few MeV above the calculated yrast line
- . : " . X L] (b) using the formula of Ref.33]. The fluctuations observed in
~ O e b b e e b the excitation functions for dissipative processes in
§ - ;(12557143'25Mev> Y, 9 =160 19 +_27AI collisions could be due to the excitation of the
<500 [ .gf. ee ' .o ® SDM DNS in the low density region of the rotational states. The
|_ - . . m EAF (©) results of the statistical analysis for the excitation functions,
0 i L. A the large cross correlation coefficients for channels with dif-
C o PSi(120—127MeV) + *Ti, =28° ferentZ numbers, the large angular cross correlation coeffi-
i = 40° cients, and the pattern of tievalues as a function & are
500 - =35 described qualitatively in the framework of the POMLM.
- (d)
O Lo b b v b b b b v v v Lvn v L
T "F(100—108MeV) + ¥Cu, @ © = 27°
- . s =57 VI. CONCLUSIONS
200 - vual S“égh'/]: 40 The measurements dfF+27Al collisions in the energy
0 b ‘<‘e‘)‘ interval 113.5-130.0 MeV with detection of the outgoing
T °F(102.25—109.5MeV)+%V, 8 ¢ = 21.7° fragments in a large solid angle and energy range allowed us
r md = 40.5° to study the excitation functions of the fragments with
500 . 9, = 24° atomic numberZ=6—12 for different (TKEL, 9.,,) do-
Y R s 1t EAF  (f) mains. Large fluctuations are present in all considered exci-
O Do bbb b b tation functions. Th& and angular cross correlation analysis
2 4 6 8 10 12 14 16 18 20

shows that these fluctuations are not of compound nucleus
z origin. The coherence energies obtained by the energy auto-
FIG. 11. The comparison of coherence energies obtained foforrelation function and peak counting method do not show,
DHIC's in the 1°F+27Al system with the coherence energies for Within the errors, aj. ,, Z, or TKEL dependence. The life-
dissipative processes in other systerf®: present work;(b), (c), time of the °F+27Al DNS extracted from the coherence
(d), (), (f) data from Refs[6,9-11,38, respectively. The angles width is equal to a DNS rotation period which could explain
are in the LS, except for pané) where they are in the c.m.s. the secondary structures evidenced in the EAF. Interpreting
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